With the rapid growth of the end-system load, the power system lacks sufficient power supply, and the transient voltage stability after the large disturbance become worse. Considering the lack of quantitative evaluation method of the power receiving capability, a fast evaluation method of the power receiving capability of the multiple-Section receiving-end system considering voltage stability constraint is proposed in this paper. Firstly, an evaluation method of the power receiving capability of the single-section is proposed, which is combined with static voltage stability limit, the amplitude of transient power fluctuations, load power factor, reactive power of receiving-end system, transient voltage stability effect of HVDC. Based on the research of the single-section system, an evaluation method of the power receiving capability of the multiple-Section receiving-end system is proposed, which is utilized the interrelated relations between the average value and standard deviation of the multiple sections. This method can more fully and quickly evaluate the power receiving capability. The results are verified in the Hunan power system. The results show that the proposed method has better engineering applicability and it can be adopted to evaluation method of the power receiving capability of the multiple-section receiving-end system considering voltage stability constraint.
INTRODUCTION
With the implementation of the national power grid interconnection strategy, China has formed a number of large receiving-end grids. The access of largecapacity DC projects makes the external power receiving proportion of the receiving-end grid load center increase continuously, and also puts forward higher requirements for the reactive voltage support capability of the AC side. In recent years, power load hit record highs, while load centers often lack power supply or reactive voltage support. Large disturbances inevitably threaten the voltage stability of the receiving-end system [1] .
At present, domestic and foreign scholars have conducted a lot of research on transient voltage stability mechanism, analysis methods and criteria of receiving-end system. For a practical power system, the factors causing transient voltage instability need to be considered comprehensively [2] [3] : network structure, load characteristics, generators, SVC and HVDC, etc. Literature [4] analyzes the influence of grid structure on the transient voltage stability of receiving-end grid. In reference [5] , transient voltage instability caused by induction motor load is reproduced by time domain simulation, and the concept of transient voltage stability margin is proposed. Literature [6] analyzes the mechanism of HVDC transmission system affecting the stability of receiving AC grid, and puts forward an analytical index for evaluating the influence of DC system on transient voltage stability of receiving-end grid. During system operation, operators also need to know the degree of voltage stability. Researchers have put forward a variety of voltage stability indexes from different perspectives, which can be roughly divided into state indexes and margin indexes. Literature [7] is further subdivided voltage stability indexes into indexes based on load margin, WAMS and line power flow. However, up to now, the research depth of the evaluation index of voltage stability margin from system transient level is insufficient, especially the evaluation method and evaluation indexes have not yet met the requirements of project implementation.
In terms of section transmission capacity, according to the calculation framework recommended by NERC, the calculation of section transmission capacity needs to consider static and transient voltage stability constraints. At present, the power transmission capacity calculation method based on continuous power flow calculation mainly considers security constraints such as static voltage stability [8] . Reference [9] aiming at the problem that the improper initial values in the continuation power flow calculation method will lead to non-convergence of iteration, a new method based on Taylor series to rapidly solve voltage collapse points after fault is proposed to calculate the static voltage stability limit under N-1. For the transient voltage stability constraints affecting the sectional limiting power, the current researchers mostly focus on the calculation of the electric limit of small motor load system. Reference [10] analyzes the relationship between load power and transient voltage stability margin index of single-load infinite system. However, there is no definite method of power-receiving evaluation for practical receiving-end system. In engineering, the calculation method of power receiving capacity subject to transient voltage stability constraint is mainly based on repeated trial calculation and finding the critical stability point, which is short of quantitative evaluation index, inefficient and time-consuming.
Considering the influence factors of voltage stability, a fast evaluation method of the power receiving capability of multiple-section receiving-end system considering voltage stability constraint is proposed in this paper. Firstly, an evaluation method of the power receiving capability of single-section is proposed, which is combined with static voltage stability limit, the amplitude of transient power fluctuations, load power factor, reactive power supply support of receiving-end system, transient voltage stability effect of HVDC. Based on the research of single-section system, an evaluation method of the power receiving capability of multiple-section receivingend system is proposed, which is utilized the interrelated relations between the average value and standard deviation of multiple sections. It helps to quickly develop a reasonable system operation mode and improve work efficiency while ensuring power grid security.
(The standard parameters in the paper are reference capacity 100MVA and reference voltage 525kV.)
INDEX OF VOLTAGE STABILITY AND POWER RECEIVING CAPABILITY OF SINGLE SECTION
Voltage stability is related to transmission limit, load dynamic characteristics and voltage support of grid [11] [12] . The index system reflects characteristics of all aspects of the research object. Combining the relevant principles of index system and the characteristics of voltage stability related factors of power system, the following single-section capacity valuation system is established.
(1) Static Voltage Stability Margin Index
Static voltage stability refers to the ability of power system to automatically restore to the initial stable state without voltage collapse after small disturbances. The static voltage stability limit is closely related to the power transmission distance of tie-line, the strength of sending-end system and the load power factor. The static voltage stability limit after accident reflects the disturbance tolerance of section [13] . Literature [14] defines the margin index as: starting from the given operation state of system and gradually approaching the voltage collapse point through the growth of load or transmitted power according to a certain mode, the distance from current operation point to voltage collapse point can be used as an index to judge the static voltage stability, and the following formula is adopted for calculation:
(1) 0 i P conveys power flow in the normal mode of section, max i P is the static voltage stability limit after section accident, and i is the section serial number. The smaller the static voltage stability margin index, the weaker the section disturbance tolerance, the lower the voltage stability level of system.
In Formula (1), the static voltage stability limit is calculated by the following formula.
L  is the load power factor angle, i X is the sum of equivalent impedance and impedance of section tie-line of sending-end system corresponding to section i, and s E is the equivalent voltage of sending-end system.
(2) Load Power Factor
It can be seen from the static voltage stability limit calculation formula (1) that under the conditions determined by grid structure, the static voltage stability limit of section is positively correlated with the load power factor, and it will greatly reduce when the load power factor decreases. After the short-circuit impact, according to the load characteristics of induction motor, the slip of induction motor will increase, and the voltage drop of load bus will lead to continuous increase of motor reactive power demand and reduce the load power factor [15] . The load power factor index cos L  is established as one of the indexes for evaluating single-section power receiving capacity. The lower the load power factor, the lower the voltage stability level.
Critical voltage refers to the voltage when system is in a critical state. Critical voltage can reflect the voltage supporting ability of the studied bus to a certain extent. If the system voltage drops below the critical voltage, it must be voltage instability [16] . For a normal operation point, the critical voltage of bus refers to the bus voltage when the system transits to the critical state according to a certain mode of load growth. The growth mode of the load in a practical system is uncertain. As the single-load bus power increases, the critical voltage varies with the increasing load power factor. Generally, the higher the growth load power factor is, the higher the critical voltage is, and the lower the growth load power factor is, the lower the critical voltage is. In order to take into account the transient voltage support of receiving end, the critical voltage moment after fault is selected to calculate load power factor.
(3) Reactive Power Support of Receiving End Power Supply
As the load bus voltage drops, the reactive power absorbed by load from the system, which deteriorates the regional reactive balance. The main cause of voltage instability is the inability of system to maintain the dynamic balance of reactive power [17] . Synchronous generators can quickly provide large reactive power support during short-circuit faults, which is easy to restore system voltage. According to the dynamic reactive power response characteristics of generators and reactive power characteristics of load after fault impact, the reactive power support index of receiving-end power supply is proposed as follows:
is the reactive power increment of a generator at receiving end under fault impact, L Q  is the reactive power demand increment at receiving end under disturbance, and w is the number of generators at receiving end. This index can reflect the dynamic reactive power response of generator when reactive power demand increases after the load is hit by fault. When the change rate is large, the dynamic reactive power response of generator is larger when the weak system is subjected to the impact [18] , and the system voltage problem is more serious.
(4) Transient Power Fluctuation Coefficient
During the period from 0.5 to 2s after disturbance, the power is redistributed according to the inertia ratio of rotating unit, and the generator with large inertia bears most of the power unbalance measurement. Figure. 1 shows a schematic diagram of a multiple-section receiving-end power grid. In the figure, 0 M is the inertia of the receiving-end system, 1 M , 2 M .. n M are inertias of the sending end system respectively. The larger the inertia of the sendingend system, the larger the power unbalance measurement is assumed under disturbance. 
i M is the inertia of the sending end-system corresponding to the i section, and 0 M is the inertia of the receiving-end system.
(5) DC System Transient Voltage Stability Impact
For the receiving-end grid, the DC system exhibits reactive power source conversion characteristics after large disturbances. After a short-circuit fault occurs in the receiving-end AC system, the DC system absorbs a large amount of reactive power from the AC system, which is superimposed with the increased reactive power demand of the motor, thus deteriorating the reactive power dynamic balance and reducing the transient voltage stability of receiving-end grid. Short-circuit ratio index is the main method to analyze the influence of DC system on the transient voltage stability of receiving-end grid. However, it derives from the static voltage stability of AC/DC system, which is used to evaluate the impact of DC system on the transient voltage stability of the affected power grid, without considering the dynamic characteristics and dynamic loads of DC system [19] .
During the recovery period of receiving-end grid, the access of DC system will increase the reactive power demand of the converter node q by am Q . is, the greater the influence of DC system change on the voltage of node p is, that is, the greater the influence on the transient voltage stability of receiving-end grid.
(6) Transient Power Margin Index of Single Section
In order to improve the adaptability of evaluation method, the section in this paper refers to AC transmission lines with AC system on both sides, and the DC system is only considered as an influencing factor. The section static voltage stability margin and transient power fluctuation difference are used as the transient power margin of single section. On this basis, this difference is corrected by the reactive power support index of receiving power supply and the influence index of DC system voltage stability as the transient power margin index of single section. The larger the index value, the higher the transient power margin and voltage stability level of the section. The following formula is adopted for calculation:
α andβ are the correlation factors between the static voltage stability margin of the section and the transient power fluctuation system.
EVALUATION INDEX OF MULTIPLE-SECTION POWER RECEIVING CAPABILITY
The receiving power grid is powered by multiple sections, and its voltage stability level is related to single-section transient power margin distribution. The better the margin balance among multiple single sections, the higher the power receiving capacity of the receiving-end grid. The multi-sectional transient power margin index is characterized by the correlation between the mean and sum of standard deviations of multi-sectional margin. In order to improve the accuracy of the evaluation results, the DC system in this paper is only considered as the influencing factor of the receiving-end voltage stability, and the evaluation sections are all AC channels.
(1) Calculate the mean of multiple-section margin, which reflects the expected margin of multiple-section margin:
n is the number of sections of receiving-end grid.
(2) Calculate the standard deviation of multiple-section margin, which reflects the balance degree of multiple-section margin. 
0 i P is the single-section initial transmission active power. The algorithm process of multiple-section power receiving capability evaluation is shown in figure 2.
Step 1: Determine multiple transmission sections that are more relevant to the receiving-end system.
Step 2: Calculate the transient voltage stability margin, load power coefficient and transient power fluctuation coefficient of each single section, and obtain the transient stability margin index of each single section.
Step 3: Calculate the mean value and standard deviation of multiple sections by using single-section transient stability margin index, and obtain the multiple-section transient power margin index. Calculate the electrical capacity of the whole receiving-end system by using formula (11) with the sum of the known section initial power.
For the first-calculated receiving-end system, in order to solve the correlation factors α, β, γ, η values, four sets of multiple-section initial power and their corresponding receiving limits are needed. A set of quaternions quadratic equations is combined to obtain the correlation factor value of the receiving-end system. 
EXAMPLE ANALYSIS
The following is a case study of Hunan power grid to verify the correctness of the proposed method. Hunan power grid is connected with the Central China grid through Gangshi-Songjiaba and Huling-Changde north, and its electricity load is mainly concentrated in central Hunan and southern Hunan. Through PailouChangyangpu and Yanshanhong-Zongyuan, southwestern Hunan sends electricity to the load area, which is defined as the receiving-end grid in this case. The application of this method to quantify the power receiving capacity is as follows: Table 1 . The load power factor is calculated by selecting the critical recovery moment of voltage after fault. At this moment, the total active power of Hunan receiving-end system is 8380 MW and the reactive power is 4060 Mvar, and the load power factor is calculated. The static voltage stability limits of section 1 and section 2 are 4500MW and 2560MW respectively. Under the four modes, the reactive power support index .Four initial modes and their corresponding electrode constraints are adopted. According to the formulas presented in this paper, A set of quaternions quadratic equations is combined to obtain the correlation factor values α=0.9675, β=1.7244, γ=1.6948, and η=0.0023 are obtained.
(2) Evaluate the Power Receiving Capability of Receiving-End System
The initial power of sections 1 and 2 is known as 1000MW and 1000MW.Using the quantitative evaluation method of this paper, the power receiving capacity corresponding to the initial power of section can be calculated as 3400 MW. It is known that the arbitrary initial powers of the sections 1 and 2 are 800 MW and 2500 MW respectively, and the power receiving capacity is determined to be 3600 MW. The PSD-BPA electromechanical transient simulation software is used to calculate the corresponding power receiving capacity in two initial modes, which are 3800MW and 4100MW respectively. The calculation error of this method is 10%~12%. The evaluation method proposed in this paper has good accuracy and applicability.
CONCLUSIONS
Based on the characteristics of voltage stability related factors, this paper comprehensively considers the grid structure, the characteristics of induction motor, the load size, the system scale and the power supply support, and builds a singlesection power-capacity evaluation index system. Five indexes are used to comprehensively reflect the power capacity of a single section: static voltage stability margin of section, load power factor, transient power fluctuation coefficient, reactive power support of the receiving power supply, and transient voltage stability of DC system. On this basis, the multi-section power receiving capacity assessment method is constructed based on the correlation between the mean and standard deviation of the multiple sections, which is used to comprehensively evaluate the power receiving capacity of receiving-end system. This method enriches the experience of quantitative analysis of the voltage stability of receiving-end power grid, helps operators to formulate the system operation mode quickly and rationally, and improves work efficiency while ensuring the security of power grid. The simulation of the actual system verifies the effectiveness of the proposed method.
